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Single-agent paclitaxel (TAXOL*) was administered to 
79 patients with stage IV breast cancer. Twenty-eight 
patients had no prior chemotherapy (for metastatic dis- 
ease), and 51 patients had extensive exposure to other 
chemotherapeutic agents before beginning the 24-hour 
paclitaxel infusion. Routine use of recombinant human 
granulocyte colony-stimulating factor helped to amelio- 
rate neutropenia, the dose-limiting toxicity, in some 
cases. Other toxicity was generally mild to moderate. 
Paclitaxel was more active in patients whose stage IV 
disease had not yet been exposed to chemotherapy, but 
activity was seen in the patients previously treated ex- 
tensively as well. There is a strong clinical suggestion 
of non-cross-resistance with doxorubicin. In one case, 
an excellent response in previously irradiated skin was 
seen. Paclitaxel is a very promising agent for the treat- 
ment of metastatic breast cancer. 
Copyright © 1993 by W.B. Saunders Company 

ONE OF THE MOST interesting new drugs 
to enter clinical trials against cancer is pa- 
clitaxel (TAXOL®),aditerpene derived from the 
bark of Taxus brevifolia. This agent promotes 
the formation of tubulin dimers and inhibits the 
depolymerization of microtubules, which kills 
cancer cells in vitro'" 4 and in xenograft models. 5 
Paclitaxel has been found to have significant 
activity against human metastatic breast cancer. 
Holmes et al A treated 25 metastatic breast cancer 
patients with paclitaxel 250 mg/m : given via 24- 
hour continuous intravenous infusion every 3 
weeks. These patients had received only one prior 
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chemotherapy regimen, either as adjuvant treat- 
ment or for stage IV disease. An objective re- 
sponse rate of 56% (95% confidence interval, 35% 
to 76%) was observed, with 12% complete re- 
sponses (CRs) and 44% partial responses (PRs). 
Disease progression on initial exposure to pacli- 
taxel occurred in only 8% of patients. Dose re- 
ductions, mostly to 200 mg/nr, were needed 
predominantly for neutropenia (absolute neu- 
trophil count, <250 X 10 6 /L). Nonhematologic 
toxicity was generally mild: grade 1 to 2 sensory 
peripheral neuropathy occurred in 88% of pa- 
tients and was reversible. A syndrome of myalgias 
and arthralgias occurred in the majority of pa- 
tients, but was tolerable. 

Motivated by this report, we began studies of 
paclitaxel as initial chemotherapy and as salvage 
chemotherapy for stage IV breast cancer. Because 
myelosuppression had been the dose-limiting 
event in the trial by Holmes et al 6 and was notable 
in the first two patients we treated with paclitaxel 
recombinant human granulocyte colony-stimu- 
lating factor (rhG-CSF) was used routinely in all 
subsequent regimens. Our preliminary results 
confirm that paclitaxel is very active against hu- 
man breast cancer and should be developed rap- 
idly for use in the management of this disease. 

PACLITAXEL AS INITIAL THERAPY 

Materials and Methods 

In this study, paclitaxel was used as first chemotherapy for 
patients with histologic evidence of breast cancer and docu- 
mentation of stage IV disease occurring 12 or more months 
after cessation of postoperative adjuvant chemotherapy (if 
any). Patients were excluded if they received more than one 
prior hormone therapy in the adjuvant setting or as treatment 
for metastatic disease. Enrollment criteria included measur- 
able, nonirradiated lesion(s); radiotherapy had to have ended 
4 weeks previously, with no more than 30% of the marrow- 
bearing skeleton treated: all central nervous system metastases 
had to have been treated and no symptomatic lymphangitic 
lung metastases or carcinomatous meningitis could have been 
present: and patients had to have adequate renal and liver 
function, no hypercalcemia, and no other serious medical. 
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surgical, or psychiatric condition. Full informed consent was 
obtained from all patients. a ~,-„a 
Twentv-eight patients accrued to study between Apnl and 
October 1991 Table I details the charaaenst.es of these pa- 
tients and those in the salvage paclitaxel trial. The median 
age was 52 years (range. 30 to 67 years) and the :med.an Jka - 
nofskv performance status was 90* (range. 70% to 100%). 
On entn most patients had extensive disease: the mean num- 
to of metastatic sites was two. with 82% of pauents h n 
two or more organ system sites of metastases and 39% Jtamng 
three or more. Prior postoperative adjuvant therapy had been 
used in 58% of patients. ,u mnv 
The median interval between the end of adjuvant therapy 
and the initiation of paclitaxel was 20 months (range 1 to 
47 months). Half of the patients who had pnor adjuvant ther- 
apies had eceived doxorubicin. Two patients had received 
vSstine in the adjuvant setting, one with a doxorubicin 
^m and the other with a CMF (cyclophosphamide 
methotrexate. 5-fluorouracil) regimen that also .ncluded 
prednisone. Eleven patients had received pnor hormone ther- 
apy: five as adjuvant treatment, two for stage IV d.sease. and 
four in both settings. 

We used published phase 1 data" to choose a surtingdose 
of paclitaxel of 250 mg/m> given as a continuous 24-hour 
intravenous infusion every 2. days. The drug was suppUed 
bv the National Cancer Institute in polyoxyethylated castor 
2 Cremophor EL. Sandoz. East Hanover. NJ) and ethanol. 
We dLed'the drug to 0.3 to ..2 mg/mL in 3% dextrose or 
0.9% saline solution. For administration, .n-l.m : fi ers (0- 
um IVEX-2: Abbott Uboratories. Abbott Park, 1L). glass 
containers, and polyethylene-lined nitroglycerine tubingwere 

used. Dosage escalations and reductions were planned on the 
basis of toxicity. For all but the first two pauents rhG-CSF 
(Amgen Inc. Thousand Oaks. CA) was gtven as 5 Mg/kg/d 
subcutaneously on days 3 through 10. 

When we began our study we were aware that the adm.n- 
istration of drugs in Cremophor EL has been associated with 
hvpersensitivity reactions. This reaction « ; probably due to 
histamine release rather than true allergy because .us often 
seen on first exposure and may not recur on rechallenge with 
Sequent courses of treatment.' We attempted to prevent 
this complication by using the wel.-estabhshed reg.men of. 
dexamethasone 20 mg orally at hours -14 and -7 . and a- 
metidine 300 mgand diphenhydramine hydrochlonde 50 mg 
Svenous.yathou r -l,prior,othepacliUxe.mfus,onover 

hours 0 through 24/ ■""> Blood levels were measured to de- 
termine whether response and/or toxicity correlated with 
plasma levels of the parent compound. These pharmacology 
data will be reported separately. 

The goal of our study was to determine response rate, not 
response duration. This plan was motivated by a need to con- 
serve drug, which was in short supply when our study was 
initiated. Accordingly, treatment was planned to be terminated 
after two cycles beyond best response or 1 0 cycles .f the d.sease 

was stable. , . . t „ f 

Baseline data and response were measured by h.story, 
physical examination, complete blood cell count, biochemical 
tests of renal and liver function, lactate dehydrogenase, unc 
acid serum calcium and phosphorus, carcinoembryonic an- 
tmen CA 15-3. electrocardiogram, chest radiograph, and ra- 
diologic imaging of index lesions as indicated. Premenopausal 
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Table 1 . Characteristics of Patients Receiving Paclitaxel 
as initial (Trial 1) or Salvage (Trial 2) Treatment of Stage 
IV Breast Cancer 

Trial 1 Trial 2 

Paclitaxel 250 Paclitaxel 200 
mg /m> + G-CSF mgV + G-CSF 

No. of evaluable patients 
Median age, yr (range) 
Median Karnofsky performance 

status (range) 
% Premenopausal patients 
Sites of metastatic disease (%) 

Bone 

Lung 

Liver 

Lymph nodes 
Soft tissue/skin 
Median no, of metastatic sites 
(range) 

Visceral-dominant disease (%) 
No. of patients with 
chemotherapy 
Adjuvant 

Doxorubicin based 
CMF variants 
No adjuvant 
Advanced 
% Patients with prior 

radiotherapy 

•Fifty-two patients evaluable for toxicity; 5 1 evaluable for re 

sponse. v 
t Median of three regimens (range, two to six reg.mens). 

women were screened for pregnancy by determination of the 
level of beta-human chorionic gonadotropin. 

Results 

Responses. Per protocol requirement, two 
patients were not evaluable for response: in one 
case the patient had received two pnor hormone 
therapies for metastatic disease (she had stable 
disease while receiving paclitaxel) and in the other 
case an unrelated automobile accident caused 
pain in the cervical spine. Objective responses by 
standard criteria were observed in 16 of the 2b 
evaluable patients (62%; 95% confidence interval 
41% to 80%) (Table 2). There were three (12%) 
CRs- lymphadenopathy and pleural effusion 
lymphadenopathy, and lymphadenopathy and 
skin in a chest wall that had previously received 
radiotherapy. The 1 3 (50%) PRs were seen m vis- 
ceral, osseous, cutaneous, and nodal sites. Re- 
sponses in bone were associated with marked re- 
lief of pain. , , 
Ten of 16 patients (63%) who had received 
prior adjuvant chemotherapy responded. This 
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Table 2. Therapeutic Responses to Paclitaxel as Initial (Trial 1 ) or Salvage (Trial 2) Treatment of Stage IV Breast Cancer 



Trial 1 

Paclitaxel 250 mg/m a + G-CSF 



Trial 2 

Paclitaxel 200 mg/m 3 + G-CSF 





No. of 


% Patients 


No. of 


% Patients 


Response 


Patients 


(95% Confidence Interval) 


Patients 


(95% Confidence Interval) 


No. evaluable 


26 




51 




CR 


3 


12(2-30%) 


0 




PR 


13 


50 (30-70%) 


11 


22(11-35%) 


CR + PR 


16 


52 (41-80%) 


11 


22(11-35%) 


Minor 


4 




9 




Stable 


0 




17 




Disease progression 


6 




14 





included one CR and four PRs among eight pa- 
tients who had received prior doxorubicin-con- 
taining adjuvant therapy and two CRs and three 
PRs among eight patients who had received CMF 
variants. 

The median time to first objective response 
was 5 weeks (range, 1 to 14 weeks) and the me- 
dian time to best response was 6 weeks, although 
some patients responded quite late (range, 1 to 
1 4 weeks). Hormone receptor status or prior hor- 
mone therapy did not influence the probability 
of response. The median age of responders was 
younger (45.5 years; range, 30 to 67 years) than 
that of nonresponders (55 years; range, 37 to 64 
years). 

Adverse events. More than half of the patients 
experienced a neutrophil nadir less than 500 
X 10 6 /L in the first cycle of administration. The 
first two patients, who did not receive rhG-CSF, 
experienced neutropenic nadirs less than 200 
X 10 6 /L at 2 weeks and did not recover for an 
additional week. We administered rhG-CSF for 
all subsequent patients in all subsequent cycles. 
This resulted in a median of just 2 days of such 
neutropenia, the nadir occurring approximately 
1 week after treatment. With rhG-CSF, one pa- 
tient's granulocyte nadir was sufficiently high that 
the paclitaxel dose was escalated to 300 mg/m 2 . 
In cycle 2, just under half of the patients had 
their doses reduced. Twenty-seven patients re- 
ceived more than one course. Approximately one 
third of these patients were able to receive sub- 
sequent therapy without dose reduction. The 
median dose of paclitaxel in the third and sub- 
sequent cycles was 200 mg/m 2 . In this trial, only 
one patient developed significant thrombocyto- 
penia (Table 3). Because hematologic toxicity was 
so rapidly reversible, treatment was never delayed 
because of slow recovery. 



Other adverse effects of paclitaxel included 
generalized alopecia in all patients and, in most 
patients, mild myalgias, arthralgias, and periph- 
eral neuropathy (<grade 2). Table 3 shows non- 
hematologic toxicities of grade 3 or worse. Only 
one patient developed grade 3 nausea. She was 
found to have an expanding pericardial effusion, 
which may have contributed to the nausea, since 
when the effusion was treated surgically the nau- 
sea abated and did not return in subsequent cy- 
cles. In our small experience (two patients), prior 
exposure to vincristine did not predispose pa- 
tients to paclitaxel neuropathy. 

Eight of 178 (4.5%) treatment cycles resulted 
in hospital admission for neutropenic fever. 
Twenty-two patients (79%) never required hos- 
pitalization for neutropenic fever. One patient 
' with extensive hepatic metastases was hospital- 
ized for mucositis, dehydration, pancytopenia, 
and fever. This patient had a peak paclitaxel level 



Table 3. Toxicity in Patients Receiving Paclitaxel as Initial 
(Trial 1 ) or Salvage (Trial 2) Treatment of Stage IV Breast 
Cancer 
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in plasma that was significantly higher than the 
median for all patients. 

Recalling that paclitaxel was discontinued for 
proeressive or stable disease once maximum re- 
sponse was documented, the median number of 
courses administered per patient was six (range, 
one to 1 5 courses). We observed no hypersensi- 
tivity reactions, no hemodynamic instability, and 
no cardiac toxicity. 

PACLITAXEL AS SALVAGE THERAPY 

Materials and Methods 

Having observed the considerable activity of paclitaxel in 
the previous study, we turned to the study of tumors with 
extensive prior exposure to chcmothcrapeutic agents. Our 
second trial was open only to patients whose disease had 
proven refractors- to at least two prior regimens, one of which 
had to contain an anthracycline or anthracened.one. Because 
we expected more severe hematologic toxicity in patterns with 
prior chemotherapy, we chose a starting dose of -00 mg/m 
given bv ^4-hour infusion every 21 days, using premedications 
and posttreatment rhG-CSF as in our previous study. 

Fiftv-two patients accrued to trial between February and 
April I99 1 Table 1 shows the characteristics of patients in 
the second trial. The median age was 47 years (range, 26 to 
71 vears) and the median Kamofsky performance status was 
70* i range. 60% to 90%). Patients had received a median o 
three prior chemotherapy regimens (range, two to six regimens) 
and ^4 patients (67*) had received prior radiation therapy 
for rage IV disease. Seven patients (14*) had received prior 
chemotherapv at doses sufficiently myelotoxic that rescue by 
reinfusion of autologous bone marrow or peripheral blood 
progenitor cells with hematopoietic growth factors had been 

"^Twentv-two patients had breast cancer with demonstrated 
primarv resistance to doxorubicin or mitoxantrone. Twenty- 
seven had previousK responded transiently to doxorubicin or 
mitoxantrone but then had disease progression, and two had 
stable disease (one given each agent). The median numbe; of 
metastatic organ system sites was three (range, one to seven 
sites) Eightv-six percent of patients had more than one in- 
volved site. Sites of metastases included bone in 47* of pa- 
tients, lymph nodes in 43*. liver in 33*. skin or soft tissue 
in 47*. and lung or pleura in 45*. 

Results 

It is still early in the conduct of this study, so 
estimates of rates of response and toxicity may 
change considerably with more experience. As of 
September 1, 1992, 228 cycles of paclitaxel had 
been delivered. The median number of cycles per 
patient was four (range, one to 10 cycles). 

Responses. Of the 5 1 patients evaluable for 
response. 1 1 achieved PRs (22%; 95% confidence 
interval. 11% to 35%) in all sites of metastatic 
disease (Table 2). This is a low estimate since 
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responses continue to evolve in the 23 patients 
still on study. (Further responses will be updated 
in a subsequent report.) The median response 
duration is already in excess of 10 weeks, and 
many patients continue in response. Responses 
have been seen as frequently in patients whose 
disease was sensitive to anthracycline or anthra- 
cenedione (5 of 27, 18.5%) as in those whose dis- 
ease was primarily refractory to these agents (four 
of 22. 18.1%). Responses have been observed in 
one "patient whose cancer had been stable on 
doxorubicin and in one patient whose cancer had 
been stable on mitoxantrone. 

Adverse events. Consistent with our expe- 
rience in the prior study, the dose-limiting tox- 
icitv of paclitaxel therapy was myelosuppres- 
sion, especially an absolute neutrophil count 
less than 250 X 10 6 /L, but also a platelet count 
less than 50 X 10 9 /L. Fifteen of 228 cycles 
(6 6%) in 18% of patients were associated with 
febrile leukopenia (Table 3). Only one of the 
?8 patients who had not had prior stage IV che- 
motherapv developed notable thrombocyto- 
penia during paclitaxel therapy in trial 1 . How- 
ever 10 patients who had prior stage IV 
chernotherapv developed thrombocytopenia 
less than 50 X 10 9 cells/L after paclitaxel and 
required dose reductions. Thus far, 24 of 51 
patients (47%) have required dose reductions, 
almost all because of hematologic toxicity. One 
patient required reduction of dose because of 
profound weakness, two for stomatitis, and one 
for severe myalgia and arthralgia. 

Largelv because of toxicity, no patient has 
yet had the dose escalated above 200 mg/m . 
Eleven patients have had their doses reduced 
to 150 mg/m 2 , and two have received 125 

m8 Nonhematologic toxicity (Table 3) has been 
similar to that observed in the earlier experience, 
but slightlv more severe. Four patients had grade 
3 or 4 mucositis and four patients experienced 
grade 3 mvalgias and arthralgias. Three patients 
had grade 3 peripheral neuropathy. As expected, 
alopecia occurred in all patients, but four patients 
thus far have had regrowth of their hair while still 
being treated with paclitaxel at doses of 150 to 
180 mg/m 2 . As before, no significant cardiac or 
- hypersensitivity toxicities were seen. One patient 
had dermatitis, which recalled a previous reaction 
to radiation. 
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DISCUSSION 

Our experience confirms the impression of in- 
vestigators from the M.D. Anderson Hospital 6 ; 
that is, paclitaxel is a relatively well-tolerated and 
very active agent in the treatment of metastatic 
breast cancer. Of note is that the patients in our 
trials had many attributes that usually predict a 
poor response rate, including bone disease, the 
presence of many metastatic sites, and, in the 
second trial, truly extensive prior treatment. We 
are very encouraged that a patient achieved com- 
plete disappearance of tumor in a site that had 
previously been treated with radiation. 

We also note with optimism a seeming lack of 
clinically apparent cross-resistance between 
doxorubicin and paclitaxel. Patients who received 
doxorubicin in the adjuvant setting and those 
whose macroscopic tumors demonstrated resis- 
tance to this drug were still able to benefit from 
paclitaxel. This is of special interest since cross- 
resistance to vinblastine has been observed ex- 
perimentally, 13 suggesting a mechanism of resis- 
tance involving the multidrug resistance gene. 14 
Cremophor EL has been reported to reverse 
multidrug resistance, 15 but the relevance of this 
observation to our results is unclear, especially 
considering the low level of systemic Cremophor 
EL likely achieved in our patients. Clearly, more 
laboratory and clinical work in this regard is 
needed. 

Although we do not have randomized data for 
comparison, the use of rhG-CSF seems to amelio- 
rate some of the neutropenia caused by paclitaxel. 
The cytokine certainly shortens the duration of 
marrow suppression. We intend to use this obser- 
vation in the design of a dose-intensive regimen 
using paclitaxel more frequently than every 3 weeks. 
The 200 mg/m : dose seems tolerable in most pa- 
tients, but it is unlikely that major escalations in 
dose will be possible unless newer hematologic 
support technologies (eg, peripheral blood stem cell 
infusions) are used, and dose-limiting neurotoxicity 
can be avoided. Yet, even if ongoing research es- 
tablishes that there is no relationship between dose 
level of paclitaxel (once some threshold dose has 
been achieved) and response, there still may be ad- 
vantages to increasing dose intensity, whatever the 
dose level, by shortening cycle length. 16 

So far, all of our data concern paclitaxel as a 
single agent. Combinations of paclitaxel with 
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other agents are being studied in a wide variety 
of neoplastic diseases. The initial observation of 
the activity of paclitaxel in advanced ovarian 
cancer 10 led to the study of the sequential use of 
cisplatin and paclitaxel. 17 It was reported that the 
sequence of cisplatin followed by paclitaxel re- 
sulted in more significant myelotoxicity than the 
reverse sequence, possibly because the clearance 
of paclitaxel was adversely affected by the pre- 
ceding cisplatin. Results from the ongoing phase 
I investigation of paclitaxel and cisplatin with 
rhG-CSF will be needed to define the appropriate 
dose levels of these agents in combination. 18 

Similarly, the toxicity of the sequence of doxo- 
rubicin and paclitaxel in the treatment of meta- 
static breast cancer may be dependent on schedule. 
Because of stomatitis and, despite the use of rhG- 
CSF, neutropenia with infection, the maximal 
tolerated doses have been reported as 125 mg/m 2 
of paclitaxel and 48 mg/m' of doxorubicin, when 
given in that sequence. 19 The reverse schedule ap- 
pears to be tolerated more easily: dose levels of 60 
mg/m 2 doxorubicin followed by 180 mg/m 2 pa- 
clitaxel are presently under investigation. 20 

Despite relatively low dose levels achievable in 
the paclitaxel-doxorubicin sequence, 80% of pa- 
tients who received this combination as first che- 
motherapy for stage IV disease obtained partial re- 
missions. Response data for the doxorubicin- 
paclitaxel sequence are not yet available. Similarly, 
it is too early to estimate the toxicity or efficacy of 
paclitaxel in combination with cyclophosphamide, 
carboplatin, etoposide, topotecan, hexamethyl- 
melamine, 5-fluorouracil and.leucovorin, or eda- 
trexate. 

CONCLUSION 

While paclitaxel combinations are being devel- 
oped, and even if the drug can be given safely with 
other agents, single-agent administration may be 
useful clinically. The ability of paclitaxel to kill 
breast cancer cells resistant to cyclophosphamide 
and doxorubicin suggests that the drug may have 
a role in the treatment of high-risk stage II disease. 
Although the combination of doxorubicin and cy- 
clophosphamide is effective adjuvant treatment, it 
does not cure all patients. 21 Based on mathematic 
models 16 and clinical data establishing the superi- 
ority of a sequential approach to strictly alternating 
chemotherapy, 22 we recently presented the feasi- 
bility of applying doxorubicin as a single agent fol- 
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lowed by high-dose cyclophosphamide plus rhG- 
CSF. :? We are now planning to add dose-intense 
paclitaxel as a third component of such a regimen 
in an effort to eradicate cells resistant to both doxo- 
rubicin and cyclophosphamide. 
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Clearly, paclitaxel is a promising agent for 
the treatment of breast cancer. It is reasonable 
to expect that ongoing research will rapidly es- 
tablish its important role in the management 
of this disease. 
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When a clinician prescribes a drug and the patient 
takes it, their main concern is with the effect on the 
patient's disease. However, as illustrated in Fig 3-1, 
several processes are going forward from the time a 
dose is administered until the appearance of any ther- 
apeutic effect. These pharmacokinetic processes, de- 
fined in Chapter 1 , determine how rapidly and in what 
concentration and for how long the drug will appear 
at the target organ. The 3 steps shown in Fig 3-1— 
bioavailability, distribution, and clearance— are the 
major pharmacokinetic variables. Ln most cases, 
bioavailability will be defined as a measure of the 
speed and completeness of absorption from the most 
convenient site of administration . For most drugs , oral 
administration is appropriate, and measurable con- 
centrations of the drug in the blood result. The pattern 
of the concentration-time curve in the blood is a func- 



tion of the bioavailability, distribution, and clearance 
(or loss) factors. In this chapter, we will examine the 
quantitative aspects of these relationships. 

A fundamental hypothesis of pharmacokinetics is 
that a pharmacodynamic relationship exists between 
a pharmacologic or toxic effect of a drug and the 
concentration of the drug in a readily accessible site 
of the body (eg, blood). This hypothesis has been 
documented for many drugs (Table 3-1), although 
for some drugs no clear relationship has been found 
between pharmacologic effect and plasma or blood 
concentrations. In most cases, the concentration of 
drug in the general circulation will be related to its 
concentration at the site of action. The drug will then 
elicit a number of pharmacologic effects at the site of 
action. These pharmacologic effects may include toxic 
effects in addition to the desired clinical response. 
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Figure 3-1. A schematic representation of the pharmacokinetic and pharmacodynamic processes that link adminis- 
tration of a drug to its effects. 



29 



